Introduction

35
The improvement of time resolution down to ~10 ps is currently one of the hottest topics in 36 the development of radiation detectors based on scintillation crystals [1] . The fast detector response 37 is necessary to prevent the pile-up effect in high-luminosity high-energy physics experiments [2] 38 as well as to enable the decrease of the dose injected to a patient in medical imaging, in particular, The currently fastest scintillation detectors are based on BaF2, LaBr3:Ce, CeBr3, Pr-doped oxides 45 [6], Ca-codoped LSO:Ce [7] and LYSO:Ce [8] , and also trivalent-ion doped PWO [9] . To study the PL response to short-pulse excitation takes a few nanoseconds in a solely Ce-doped gadolinium 52 aluminum gallium garnet (Gd3Al2Ga3O12:Се, GAGG:Ce) [11] . 53 Due to a high light yield of up to 50000 ph/MeV, a short luminescence decay time (< 100 ns) 54 [12], and good matching of the emission band with the sensitivity spectrum of conventional SiPMs, 55 GAGG:Ce is a promising scintillation material for certain particle physics experiments and might 56 compete with Ce-doped LYSO and LSO crystals in TOF-PETs. Therefore, the luminescence rise 57 time of this scintillator is of special importance. On the other hand, co-doping of GAGG:Ce by Mg 58 results in a significant improvement of timing characteristics [13] and especially of the coincidence 59 time resolution down to 233 ps due to faster rise and decay times of the scintillation response [14] 60 and paves an efficient way for reaching a better time resolution in detectors based on this material. 61 Moreover, the capability of reaching the time resolution bellow 50 ps, was demonstrated in 62 GAGG:Ce,Mg thin crystals at the excitation with a high energy charged pion beam [15] . 63 Meanwhile, the origin of the luminescence rise time shortening in Mg-codoped GAGG:Ce is still 64 not unambiguously understood. A lack of information on scintillation kinetics in a picosecond 65 domain is one of the key problems. Better understanding of the mechanism of the scintillation 66 build-up acceleration in magnesium codoped garnet crystal might be useful for the future 67 improvement of the technology for growing mixed garnet scintillation crystals.
68
The study of the details of the luminescence kinetics in a ps-sub-ps domain is hardly feasible 69 by using X-ray or particle beam sources and conventional coincidence technique. To investigate 70 the excitation transfer in this time domain, we used excitation by femtosecond UV laser pulses. 71 The luminescence response to the excitation by 80-fs-long pulses was studied using streak camera.
72
To compare the PL response kinetics with the time evolution of the density of nonequilibrium 73 carriers, free carrier absorption (FCA) has been also investigated in these two samples by using 74 pump and probe configuration ensuring sub-picosecond time resolution. respectively.
87
The time-resolved photoluminescence (TRPL) study has been performed by using a proportional to free carrier density.
107
All the measurements were performed at room temperature. Mg codoping. The broad absorption band was observed in garnet type crystals at low doping level 124 [18] and most probably is caused by structural imperfection of the host matrix. To get a deeper insight into the dynamics of nonequilibrium carriers, the kinetics of 180 differential absorption were studied in GAGG:Ce and GAGG:Ce,Mg for two pump photon 181 energies, 4.9 eV and 5.8 eV (see Fig. 3 ). The pump photons of 4.9 eV are in resonance with the 182 optical transition to the third excited state of Ce 3+ , while they are also able to excite the matrix- In nanosecond domain, the decay of PL and free hole absorption in the time range under 228 study proceeds at the same rate (see Fig. 3 ). This rate is determined by thermal excitation of trapped 
